) : DOCUMENT RESUME : C RN .
ED 226 725 ' - IR 010 606
AUTHOR ) ‘Lipson, Joseph I.; Fisher, Kathleen M.
TITLE Public Education and Electronic Technologies.
*INSTITUTION .Wisconsin Center for Education Research, Madison.
SPONS AGENCY National Inst. of Education (ED), Washington, DC.. : .
PUB DATE - Jun 82 i toe .
GRANT NIE-G~-81-00Q9 . : -
NOTE . 43p. ‘
PUB TYPE Information Analyses (070) ~-- Viewpoints (120) --
Reports - Descriptive (141) . -
. f : . e
.EDRS PRICE MF01/PC02 Plus Postage. > .
DESCRIPTORS *Computer Assisted Instruction; *Computers; Cost
Effectiveness; *Learning Processes; *Microcemputersi )

Models; Simulation; *Technological Advancement;
Technology Transfer; *Videodisc Recordings; Word ’ .
' Processing
IDENTIFIERS - Computer Games; Interactive Systems

L

\

ABSTRACT

;This‘paper explores new techfologies, including
computers and videodiscs, considering what they offer to education,
how they can help contain educational costs, and how schools can
begin” to plan a smooth transition from today's primitive classroom
environment to the electronically-equipped classroom of tomorrow. -The
introduction discusses general computeér and videodisc technology and
their merger in the development of computer-controlled videodiscs. * !
Then, an overview of the learning process provides a context for the
discussion of the computer and videodisc technology in educational
settings. The interface between electronic technologies and learning
is considered in a description of potential applications, including
use of (I) microcomputers and word processors as tools for '
intellectual and creative expression and as instructional aids; (2)
videodiscs as a means of extending experiefice through simulation and .
of using expandable text; and, (3) both technologies as ways of . :
providing access to resources and reference materials. Following the
discussion of potential applications, capabilities, and advantages,
the system limitatiohs are ‘considered, focusing on problems in ’ :
current status and potential. Thirteen references dre listed. ) .

(LMM)

‘o
]

****ﬂf****t******************}*****************************************

* Reproductions supplied by EDRS are the best that can be made . *
* ; .from the original dotument. - ‘ L. .
***k**********************************?*******************************#

" . 5

. - Wy ']
" ? & a
.




o+

" ERIC

LI A v 7ext provided by ERiC

o

U.S. DEPARTMENT OF EDUCATION
NATIONAL INSTITUTE QF EDUCATION
EDUCATIONAL RESOURCES INFORMATION .
- CENTER (ERICH : -
W Ths document has been reproduced as
receved ‘rom the person o CIGamzation

. OHGILNG it
Minor changes have been made to mOtove
repe oducton quatty
= & POris of view of 0pwnions stated in thes docy . - \'\;\

Ment do N0t necessandy represent otfcal NIE

POSILON Of DOICY . .
PUBLIC EDUCATION AND ELECTRONIC TECHNOLOGIES v oo /

.
«»

.

by v
3 . Joseph I. Lip o i
- Group Directior
W;fAT,Systém., Inc.
LY s
" and o ~

-Kathleen M. Fisher
Assoc. Professor of Biological Sciencés Education

University 6f California at Davis . )
,
-
. : P /
4
© . -
~. . ‘ )
& T~
L Al
A}
-
Wisconsin.Center for Education Research’ -
-y The University of Wisconsin

Madison; Wisconsin ' | -
. “PERMISSION TO REPRODUCE THIS
June 1982 : MATERJAL HAS BEEN GRANTED BY

\ ) .~ R. Rossmiller -)

' B . o * R .

) -
- § ’
22 ) ' 70 THE EDUCATIONAL RESOURCES

INFORMATION CENTER {ERIC).”

.
o




-

Preparation of t‘his paper was funded by the Wisconsid Center for Education
Research which—-i-a——suppw art by-a grant from the National Imstitute

ucation (Grant No. NIE-G-81- e opinions expressed in this
paper do not necessarily, reflect the positisn;. policy, or endorsement of the
National Institute of Education. .

3




Wisconsin Center. for Education Research
 MISSION STATEMENT N

14

The mission of the Wisconsin Center for Education Research
is to understand, and to help educators deal with, diversity
among students. The Center pursues its mission by conducting
and ,synthesizing research, developing ‘strategies and materials,
and disseminating knowledge bearing Opomr the education of
indiﬁ!guals and diverse groups’ of students in elementary and
secondary schools. Specifically, the Center ‘investightes

® diversity as a basic fact of human nature, through
studies of learning and development

. -® diversity as’a éentnal challenge for .educational
techniques, throygh studies of classroom processes

® diversity as key issue in relations between
individuals and. institutions, through studies of
school processes -
® diversity as a fundamental question 'in American
social thought, through studies of social policy
relaE§§ tb education’ T
The Wiscons2n_f£enter for Education. Research is, a noninstruc-—
tional department of the yniversity of/WisconZhn-Madison
Schooli of Education. The Cent®:-is supported primarily with
funds from the National Institute of Education.




- \
. . {

I. .Introduction .. . . . ..

A Catching Up ‘. . . . . . . .- ; K
Computer Technology,,, . 0N .
. -~ Videodisc Technology o s e e e e

II.~ 'Learning and Knowledge . . . . .

, ’ "' The Natpre of Learning . . . . .
Formal Education . . . . . . . .

. LA A A I N O

- IIT. The ‘Interface Beqween Electronic Technologies
‘ - and Learning S

Y

. Tools for Intellectual and' Creative Expression .
Instructionaerids o e e 4 4 e *

-.-.-.,-v..‘
4

Videodises to Extend Experience . . . . . . ..
. Access 3§'Resources and Reference Materials

b3 ‘5.
IV. ~Status aué/;otehtigl JRIERT AR S

Technological Limitations. . ¢ . . . . . . . . . « v e
Technology and Organizational Structurger .

( Talent, Investment Costs, and Research . . . . IR
s . Cohelusion . . . . . . .. .. .. ... .0 “ e e e

Footnotes . . . . . . . .

, References . . . . . ... .: . !
. ’ -




I
. Introduction

Catching Up . , ' .

The computer era has begun: The‘digital computer hgs bécome an o,

.l

integral part of the fabrif of our society. Virtually every individual now
- t -

needs some knowledge of computers. How computers work, how they are

. .

programmed, and what they can do should be part of the general education Qf
\' J—

‘—

3

Y ’ - "

most if not all iutur7/citiqus.
In this paper we explore the new technoldgies, consider what they
. Al

’
-

‘offer ‘to education, how Ehey can help contain educatiofgl costs, and how

-

schools can begin to plag'for a smooth transition from today's primitive

~ .
classroom-environment, td the electronically equipped classroom of tomorrow.
[ 4 T SN

AY

‘Computers are widely used th¥oughout American industry.” They have .
! L4 ’
been incorporated into production, marketing, sales, serviéév and virtually

.- !
. & AN
every other branch of corporate life. -, <,
When low cost microcomputers’ were introduced about five years. ago, small
oo N v v ‘ . =
businesses jumped.on the opportunity éo emulate” their bigger competitors.
* : )

v . A

P

Home computers’are becoming commonplace ahd, in some form’, will prbban?Abe

N . . . X. -~ -
in a majority of homes by the end of the-decade. Most collége students now

have th \opportunity to work with and learn about computers, although not
‘ ) . s

- all of them take advantaée of this opportunity. 1In contrast, ,elementary
. - . - 4 .
and secondayy education remain 1arge1y.untouched by the computer revolu- .

‘ tion. Will the ‘situatien remain that ‘way?

Alternatively, Vill‘Fomputer agsisted education lead to the eventual

collapse of the formal public education system‘as we know it?% This has
been predicted by several authors, for example, Christopher Evans in his

. »

\
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-t B w' : *
provocative book The Midro Miltenium (1979). Or will computers serve to .

A

lines? Will the economically advantaged parents provide

reinforce class

AN their children with computer based education at home and sead v

_them to Rfivate or affluent public schools that make effect?ﬂaT\\use of

-

computers. If this happens, will the educafionally disadvantaged fall
* further and fQECher behind, attending hopelessly outdated schools? N -

" Decisions madé by schools in the gext few years will be gritical.in
\\ * t! . ) . r,‘
« deciding tTe future of public education in the U.S. There is already a
J -

‘ ) N . A
" each year of 'indecision, procrastinationl, and inaction, the gap widens.

~

tremendous gap to close, an enormous amoZnt~of catching up to do. With
"It is urgent that‘§a) ecoéomic dispar%ties in the duality of education
. ) be addressed, (b) students becomelknowledgeable about computers, (c) the
‘ quality Lf education be greatly improved, and (d) the cost of educatiﬁg ;é-
cJZEained. While all.agpects of basic education need improvement, educa~- .
% ion in science and technology need special atufntion ?ec;use of the -
increasing role that these'discfplines are playing in society. The

well-being of our nation depends upon the quality of universal education.

\\ Cotiputers, /s the ultimate information machines, can help us reach dur

\ . I

il

| gals. o e T T T T
The diffiéu{ties we are having in international competition, particu-

] . -
larly with respect toQJapan, are an indicator of weaknesses in our educa-’

_ tional system. Since there is a long time lag between action and conse—

i : quence in education, we will have to %aeq quite a few more years of economic

.*and -social difficulty even if we act immédiately. These difficulties" —
) ,

~ ' ’ .
should provide a strong motivation for moving as quickly as possible."

- ] . ’ .
; ¢ ' -
We believe thatxghe schools can effectively incorporate computers into

:' Ehe existing system. We suspect that the computer and tHe videadifé

0 o T 7™ f T




. . ) . L
technologies will proye to be the most waluable teacher's aides ever
e Al

- .

invented. We are optimistic that if there is a will to act, Americansycan

. -

provide quality education for, their children.

Computer ﬂ“echnolpgy -
The digital computer manipulates inforhation according to logical

rules and procedures. It can execute a large numBer.of ‘operations quickly.

>

There are increasingly sophisticéyed programs (sequences of logical com-"

s

3

mands) and programming 1anguages~designed to help us capitalize on the
basic act of computation in many different ways. .- s Ty

relatively 1argé\dhd‘e§peﬁs£ve. About five

Initially, computers were

years ago, engineers and scientisqs-learned'how_Q? produce a siticon chip

.

that incorporates the equivalent of thousands of transistors, and the low

cost microcomputer was born., Since then, the power of computers has (

. A ’ ‘

approximately doubled every two years while the price has remained more or
[

" The qbilitf'of a4 computer

»

less constant. This is s}énificant for schools.
\ .

to deliver useful instruction depends in part upon its computational power
‘ -~ — N .

and the size of its memory bank. As the computétionél»pﬁwer and memory

T

.
- . .
.

#jc @ school can afford - .. - - - - T g

. : ‘. . T . 1] ! .
,lncrease, more interesting and "intelligent” programs become possible.
J ) - .

Such programs can be both ecogotiical a’df&nstructionallx effective.

Eventually, it will be iﬂpractical for schools not to make use of compﬁter;;> .

Yideodisc Technology . 3 - y
1 ~ - - A N * . \

s

The iaser optical videodisc stores information on a plastic’disc

.

" " similar in size to an LP record. The informat}oh is read by a laser beam.

3

L

. S
The variations in reflected laser light are transformed into. a video image
. . . & R ’ - ¢ ]
and accompanying sound. Each .side of the disc has 54,000 turns of a spiral
defined. by millions of tiny pits in the silvery gurface. Each turn of the ’
. ’ /

o




r

#

. . : , i ¢
spiral contaiké the information for one image. Thus each sid& of the disc
tr N T T ’

¢ holds 54,000‘1ndivfdﬁa1 "framés" (images,,picturggﬁ. Sipég the laéqr beam

'\

"reads" the disc without touching it as a phonograph needle touches an LP,

v

it can hold on one frame iﬁaefinitely without, weéring gut that.pd}tion of- [~

the disc. Further, an’ electronic command can, withir two to five seconds,

] -

move the laser beam to any one of the 54,000 images on one side_of a disc.

. The aiil&ty £0 move qﬁickly from one part of the disc to another is essen~_

. Y . .o
tial fer branched insg;uctional programs. In effect one sf&e of g disc

. provides acc¢s§ foa collection of 54,000 slides.. The disc can also stofe

~

" Boving.pictures from film or videotape sources. One side of a disc will

L

v

4

. - of economic considerations. .

hold one-half hour. of film when played at the normal speed of‘}O‘images per

second. Almost aﬁy degree of slow or fast motion is possible. Moving and
: _ . ‘

-

still imageks can be combined in any proportion. ..

. hd -

In summary, the videodisc can store moving pictures, still pictu;es,
’ - - N . ~—y

—~—

printed wo:@héymbols--ﬁpyching that can be capfured by any of the media

available toda*}i/zﬁiff\fan be mixed in any proportions on a disc. A - )
moving image ca be examined in actual time, slow mption, or fast time, or

—— - e - " P

R e e ——
N o e a

-

it can be stopped and held mgtionless at any frame.

' We dom't offén think about the relative dgnsity of information or its

relative cosf:‘but the videodisc brings.this into our consciousness in a

' 14
powerful way when we reflect, on the fact that “one side of a disc will hold
about 2,500,000 wor&sa 54,000 still pictures, or onerhalf hour of Tfying

pictures.- This illustrates a point we return to later: that words,
A ¢ *
A
printed materials, predominate in our educational practices in part bdcause

. y . . . - [
“

»
Al

The videodisc and the computer can be combimed in instructionad

applications. This allows the viewer to interact with the program:




- \/\ y ~ . 0.
4 ) ¢ '
v , 5 .
« . : i “ . N
. / A N *
d © respond to questions, ask questions, give instructions, and so on. The
. o ) oo o - "
Computer can respond by branching to an appropriate part of the program on
* the disc. Compdter generatea"characters--wordq, pumbers, symbols~-and .

.- o=
computer generated images--Ithes, 4ine drawings, charts, arrows--can be
" superimposed on images from the videodisc. . . . y
. - ~ o ~ . . .

' If you haven't yet seen the computer coantrolled videodisc, perhaps

4

:

L3

this b;ie?idéséription will at least ﬁet you begin to appreciate the power

it offers as an instructional tool. The discontinuigy between real life

%
'

and representations of that life can Be immeasurably reduced with this
medium. The computer-controlled videodisc can enrich education enor—
% .

mously--if we learn to-use it effectivelf;

LIRS N
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. II.

Y Learning and Knowledge ) e
, . P f;;z o
The Nature of Learnlng o - -l

v e -

. (]

A brief overview of the learnlng process is presented heré to provide a

‘context for the discussiqn of computer and videodisc technology in-educa- |, -

*

N v 44 - . . .
tion. In the attempt to be both brief and interesting, we have"taken
‘ A
- . X, -, .
- liberties with the formal academic style of discussion. We bélieve that
o .

what we describe is Bkéﬁsible in the light of currént knowledge, although .
much may bé considered speculatlv%‘ When we descrlbe what goes on in

/
someone'’s mind, there is an inductive leap that the reader must tolerate'

At
4

‘we observe patterns of behavior and infer that certain proce§ses are taking

[

place. Our justification for- ‘this is that all of us operate on the basis of
'_'Af. b R

-

implicit and exp11c1t models of the world. In the following_dlscussion, we ‘
are trying to,make our model explicit so that you vill be able to see the
link between‘our model of learning and our view of the role of the computer,

Expectation and Response. Our basie assumption ig that there is a

-biological basis f8r behavior. That 1s, organisms 1earn,primar11y through

t

changes in the physical properties of the nervous system The changes may
be structural, as in the proliferation of dendrites; electrical, as in the

conditlons for passage of an e1ectr1ca1 Tnerve impulse; or- blochemical as ih

4

the conditions for passage of ions across membrane. As the nervous system

is modifieda the flow of information- through the nérvots system is altered.

13

There is a growing body of ev1dence to support this physiologic view of

1earn1ng\\§:or example, animal young‘ralsed in environments, that are rich in

v

positive stimd¥li have much richer dendrite (merve process)‘development~than ™
L A -

»

AN .




R . k4
< 2 - . ...'
. . - - ,

those raised in rren or traumatic environments. Also, various chemicals -t

3 -, ‘have bee identified‘i;/the\%rhin that 1nfluence lea ’;d behavior. }" - I

stimuli that A certaifi smell means to expect food., Another
- . L "c -|« N

s smell means\to,expect danger. The sight of water generates the.expectation-.

«

) - . of relief from thirst.” In the simplest model of Behavior, as long as one's
expectations are’ confirmed, all is right with the world and there is no need

L (g ! B . , [at)
for additional learning to take place. -

Y

-

s Learping, modification of expectations and responses, is caused by a
challepge to one's,expectations. When,somethiugﬁgappens that was not
< . > ’ Q -~

expected, the animal or human must, somehow tome to terms with this novel or (1

’
°

%X
unexpected event, Expectatipns are then modified-~that red color means the

'object ie hot--and behavior is modified accordingly--don t touch the stove.,

Higher organisms often seek out novel and challenging,events and this
. - ' b - B
’ increases the probabillty of encountering occasions for learning. How often

“ S

do we consciously use challenge and surprise to motivate and interest our
1 . s . P .
. r N B -
students? - .. . : Lot
4 Kl . [r3 - . {
R, -

. Gradually, as we acquire more and more expérience in-a given domain
5 ] . ‘ %) ) . . o 3 Sk
. £e:g., physicdl space, social interaction, food, games, one's own body), we

-

build.up what might be called a mental model of that domain, a "world view." _
- ,i Kelly.(1955) and White (1959)'propose that.each of'us‘constantly builds a - ”
Jmodel of the worldmand constantly checks *that model agalnst reality. ‘Such a :
world view helps us to cgrry‘out some of the myriad operations we enecute L

P inhdaily life.= We decide—where to direct odr &ttention,v We anticipate the '
o N . I s . .
place ‘to put each foot as we walk or climb stgirs.g MWe have aw idea of how ¢

’}
ﬁeople will respond to a smile or a frown However, life is always full of

e ¢ Q- - . 3
j suxprises, and no matter how much experience we have, we are never completely
2

N .o . a , -

d 5 - . ’ P L) N
r [ e . . ‘ < w . ¢
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E'Hesire to explore. )

free of ndvel events that challenge us and lead to changes in our world

f—
T 2 N -

view. These chapges sometimes c9nsist of\small adjustments‘and at other
R ~ ' - oo T )

. - <
times involvé major restructuring of the model As a Youngster matures,

learning i%volves ‘such repeated and sometimes painful alterations in world

\( < .

view. " . .. //). :
. * . * * -

v

AttentiohggggfMotivation. For learning to take place, the learner must

T

. - -
.

&ocus a;tention on the mat/rial to be -learned. There may be some(sublininal
learning, but this is not believed to' be of great consequence in formal ’
- . . R ’ ’

education. Out of the immerfse 'ska of signals that reach the senses, eSpe~

. - ~

‘cially the eyes and ears, the’ learner must pay attention to the relevant

h ’

information which defines the lésson or task. The student must be willing

.

to pay attention to lesson goals and materials defined by oth€Tts. There = °.

P

are, of course, many regsons for individuals to accept the impficit contract -

. . f

of being a student), such as fear of consequences of noncooperation, deere

- Py A} 1

to please someone, Interest or ability in a subject, and curiousity and

i -
-’ .

~
’

»
- »

s .. e aeos ‘ .- .
The motivations of individual students vary. Students' intentions,

’

. - ’ .

i goals, attituges, €xpectations, and preferences play an important role in

-
+

their approaches-to‘learning. Teachers and “schools attempt to motivatg .

v

students by using various c0mbinations of the factors above. They work

continuously to focus the student's attention on the learning tasks, They
challenge the student with grades, puzzles, novelty, they attract, fhe
~

student with‘rewards, promises, attractive\materials, and they pressure the

e, "

$tudent with social pressure,;grades, and implied and 1’plicit threats. As

- ° e 1 N
the students mature, more opportuhities are provided for pursuing individual

goals and interests and greater discipline is expected in the pursuit of

*
those.goals and i erests, \one of'the most universal human desires is the




desire to be coﬁpbtent, to have control over one's environment., The desire .

- - I ’ ¢ .

to ‘achieve competence becomes a driying forgé for many older students. The *
. ¥

resulting emotional (&ffective) connection helps the student to maintain

commitmént and.engagemgnt even in the face of extredely demanding gurricula

' o L] »

such as medicine, law, and engineering. Other students become discouraged

.
-

_or disinterested as they grow older, feeling not power from learning but

frustration in school.

N

J? Emotions are intricately related to effective learning. As mentioned

earlier, all of us are bogbafded by more signals than we can\possibly pay
. 4 : - o) . ¢ .
-attention to at any given instant. Therefore, we must have some decision

v ~

rules within us to determine what we will pay attention to and what we will
J . : . ’ ‘
/ .
ignore. One essential part of the decision process is tied to our emotional
”'
responses to the different signals that are competing for our, attention: -,

Many motivating factors are emotional. Vivid mqving and_éti{; pictuires,

gamé% and other aspects of the new technologies ma§ appeal to the emotions

v
.

and increase involvement in learning. »

.

Importance of Images. Images can ﬁrovidf models of skilled performance
. / ~
to guide-the efforts of the student in such areas as handwriting, sports,

o

crafts, the rules of social interaction, medical skills, and possibly
" R - 4 - .
intellectual performance.

»

% 9
Images can provide a sort of motion picture of important processes

("ruﬁnable'models" to use Alan:Collins' terml) such as cell division), the
s . . ’ , ' . .
rainfall cycle, the operation of an internal combustion engine, and so on.

Images can give the student Ehe vich supply of examples that can help

’

in the attainment of important concepts such as cell membrane, cell -ndcleus,

d | Y

. . p _ -~
classes of minerals, classes of machines, species, classes of\guman inter-
o .

action (e.g., pecking order), classes Jf human society (e.g.., tribal). X

b

14
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In general, the evidence suggests that ohserving images is not, in
itself, a powerful learning device. Howevér, .in combinatidn with other,

\  more direct methods of instruction, the opportunity-to observe. images of
" -* 0 'Y

* that which ie.to bé learned seems to greatly decrease the time for learning.
We would propose that if -images become sufficiently inexpensive,-the inte— .
, . >
”ération)of images into an instructional system would enhance that system in
’ quite noticeable ways. ) '

LN .

,Consider theése examples: ‘a scientific discussion of the rainfall

-

~

R > “. ) N
*+ cyele, a description of the operation of an engine, a“poem about a lake, a

story abodt Walden Pond. With a book, the student is asked to learn about -

N

the event or thing through words without having observed it. At best, a

photo or diagram might be included in the book. with a videodiscy gcenes or{”

events can be pictured'so that language may be used to describe scenes and ‘ a
events that the child has seen and can visualize, Experience tells us that

the second kind of leanning is generally preferable because the wich visual

experience gives more meaning to the words and because the words are being

-
v

chosen to fit the images. - ‘ _ .

. . T

; Formal Education y L 4

As culture develops, certain skills and knowledge become formalized and

-

ritualized People are often encouraged to learn certain things in abstract
! . »

ways without being challenged by-events or experiences. This is one of the

~ -

functions of the school., School is an artifidial world in Which the modifi-~
./ hd > - ‘f ~
cation of expectations and responses is npt left to chance but is carefully

orchestré@ed to produce specific, desi}ed performance. Exactly what knowl~-"

)
M ~

/ .
edge and, skills are to be included in the curriculum is determined by

Various_adulfs in the society. However, curriculum revision usually lags

‘ 4 M

- * ' } ) v




.12 . : .

behind societal advances because of the complex and cumbersome nature of (a)
- 1 D

recoghizing changes, and (b) responding to them in appropriate ways.

s There are, of course, many lngls‘of events .in s;hooi. There is the
informal or hidden curriculum of socialization, in which students féelx .
pressure to find and accept unique roles in the society of the classro;;.

There is also the formal, codified curriculum: 1language, mathematiés,

literature, science; and so on.

Declarativé vs. Procedural Knowledge. Research into the nature of

. . learning suggests that huﬁans learn procedures (e.g., assembling a
. ) ‘ 4

" “carburetor, baking a cake, performing the long division a%gbrithm) difgsf-

)

ently from declarative knOW1é§§f (e.g., listing the major organs of the
body, naming the state capital i%§ This distinction is often characterizéd

.as the difference between knowing¥how (procedural) and knowing what (declara-
‘ ’ * . 5 .

ti@e).=
Schools are -sometimes criticized for overemphaé&zingrdeclafative

knowledge}and underemphasizing procedural skills. We nclude that there

" are economic reasons for this eimphasis. Prbcedural,skii often involve

13

¥ material resources as in a carpentry shop, an automotive shop, an art

studio, or a science lab. The purchase and management of these materials is
- . . ] i . .

expensive. In addition, instructipn with shop, studio, and lab materials
.~ .  requires close a&tgntion by an instructo¥. The learn{ﬁg process in these
settings'teqéé to be ?elativei§ slow and time consuming. Assessment of

. procedural knowledge is algo more difficult than assessment of déclarative

' knowledge. Consequently, shops,kbtudiqst_and labg have generally been

reserved for affluent school districts and for the later years of schooling.’

-

.
g

In contrast, words, numbers, and mathematical symbols are comparatively

inexpensive. O0f course, proé%ﬂurai skills may involve words and symbols as

& ' ’ t . ’ \ _1(3




education curriculum accurately anticipates the kinds of knowledge and skill

A

‘training, multiplicat&on taﬁles,Vcombined with implicit education, mathema-

13

3
¥

well as more concrete ‘materials. " Preparing an outline, diagramming a.
’ ‘ .

sentence, solving a math equation, and analyzing a physics problem are

procedural skills that can be presented and solved yith words, symbol , and

line drawings. The ability to manipulate abstract symbols is one of the

v

most dramatic of human intellectual SklllS.

4 *
Education and Training. There is an igportant distinction to be made

.

betwégh education and training Training 1s preparation for well defined

future tasks, suéh as operation of a lathe, a typewriter, or a computer.”

Education is, in contrast, preparation for unknown future events. A good

®

that will be important in the future. ., For example, American society expects
-

»

that individuals shouldfknow how to read,’wpatever form the future takes,
Curriculum debates—;ften arise from di¥fering visions of"the future. Fbr *
example, some people say that with hand_calculators being so inexpensive and
readily available, we should no longer spend time teaching the long division -
algorithm. Others envis1on disaster if we fall to teach\that particular .
skill. In each case the-statements régarding the curriqp%ﬁp are 1nfluenced o

to some extent by v&ews of the nature of future society. Sometimes we make

currlculpm decisions without assessin;\present and future developments in
society, and these are‘usually bad decisions.

It should be recognized that the distinction between education and

4
)

training is not always clearLcﬁﬁ. There are elements of general education

in the most vocational lesson and elejfnts of \training in what is thought of ‘ger~

as general gr liberal educatipn. Much schoolwork seems to involve explicit

-

tical logic.
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Language and Experience, Alan Newell (1978) said that if he had to,

\

characterize humans, he would call ¢hem The Great Recognizers. We have the

ability to recognize scenes chat we have seen before with a remarkable

-

. degree of accuracy. Recall of objects, events, ‘and scenes tends to be

stimulated by visual similarity. For example, seeing d river can stimulate *
L . : ‘ - \
recall of a river seen previously. Seeing a car can stimulate recall of

-

another car. ’ ~ g

—

. l »

Language provides a powerful "shorthand" of symbols with which we can

) " file and retrieve experiences. For example, we may ask a student to recall
. ’
five buildings s/he has sen or three rivers s/he kas crossed. The words

. "building" and "river" are connected to a rich agray of persofidl experiences
N :
and examples.

. “_ .

" Philip Morrison once said, "Language gives usg yesterday and tomorrow." nZ

Lanéuage is the-séhffolding of experlence. Because many different expef?
o . -
v ences are drawn together by a single word 1anguage gives us the gbility to

. 'mentally span time and space. When we think of the word “"apple," we can
remember the apples in our childhood experiences, the apple trees we enjoyed
R '
as youngsters, and the apple_ple we ate last Christhas. Y ‘t . f

\' . . - >
As we generate more abstract concepts, the brain links different parts

of our experience in more and more intricate ways. For example, we may be

asked to think of all the ways that energy flow influences our society. .
Language is essential in achieving more complex thought processes.

- R -~ +
In summary, experiences without words are difficult to integrate,

3

déscribe, and retrieve. This may be why we remember s¢ little-of our infant

life, before we had language to help organize our memories. Words give us

access to our past experiences and enabie us to.imagine fliture experiences.

At the same time, words withou: ezge.lercé te.d to have limited meaning.
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Tﬁe twa reinforce each other and are defined bl one andther. . Both experi-

-~ . .
.

¢
. ence and language are affected by ‘expectatfions: we hear what we egpelt to
. . . . -
hear and see what we expect to see. : :

.
w - ’ [ . e
ERIC - ' o -
! s B
e :

’
2y ‘. = . - 4




. ) ’ 2 .
. ' 111 / '

" The Interface Between Electronic

) ‘ . . Technologies and Learning . p

~-

Tools for Intellectual and Creative Expression ‘

- ~ Al

There are many compyting devices that are ideal for creative expf%ssion

as described below. Aty the moment, however, the videodisc is not very

-

. Ll . )
.. useful as a tool for creative expression in the classroom, since it is not
. D

' .,

possible for students to <ompbse or invent on the videodisc. Thus, the
- . . »

=T videodisc will not be included in the discussion below. 3
’ . '

= The Computér—Based Word Processor. This is a specialized tool that
A N . . i
greatly simplifies the mechanics of writing, editing, correcting,' and
a
retyping a teport or manuscript. In fact, word processors so facilitate

s
’

scholarly production by ﬁlnimiziqg the mechanical details of writing and

permitting maximum attention to the flow of ideas thlt the authors of this

L]

) .
paper have become addicted to them.

The followipg story illustrates their usefulness. Aboq&!a year ago,

- -

one of us had to revise large manuscript in just one evening. Tire paper
had been drafted. earlie detailed editorial comments had been obtaidld

from three readers. There were revisions, often major ones, to be incor-

porated into forty pages of ‘text. Fortunately, the paper had been prepared

" on a word processor so that corrections could be*made instantly on a - ‘
. A
e o -~ . d
computer terminal. After the corrections were completed, the paper was
s

printed by the computer printer. The printed document was then copied and
collated by a modern office copier. The entire operation was .completed in

juét three hours. Imagine how mych longer this operation would have taken

if the paper had gone through the 0ld routine of (1) prepgring an edited r

17 ] *
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'
itten corrections and inserts, (2) having a secre-~

1+ .

] .
" master copy w%fh hand wr
) Lo ’
tary type a new draft from the edited copy, (3) proofreading the retyped

copy, (4) corrécting the typing errors, and (5) copying the ffinal copy.

-

dern word, processors; are extremely easy to use. They take much’ of

( ¢ ¢ -
elagony out of writing because each draft can be’ producgd as clean,

C(
fyped‘copy. It is as easy to make major changes, such as rearrang-

th
ing sentences and paragraphs, as it is to make minor ¢orrections such as

»,

-
neat
s .

spélling errors. These assets must surely be as attractive to beginning

@, -
writers as they are to séLolars. v
Many computers have auxiliary programs to aid in mahuscript preparé—
- [ 4

P
For example, theve is a program called "Spell" that ‘will review an

i
; tion.
determine the’correct spelling (which on some computers can be done with

i
¢
entire dociment and identify all misspelled words. The author can then

the help of an on-liPe;dictiénary) and edit the, manuscript accardingly.

™~ . . .

programs could be imagined for the instruction of young

ks out the subject and verb of the sentence.’ y 2o
r/ * *

igher level

<

' Similar awalysis
childfen--such azybne that pie
In summary, with word iroéessors students could dthieve a h

of'duality in their creative and technical writing, whether a story, a

laboratory report, a yearbooky a class newspaper, or whatever. With the

e =%

mechanical details of writing minimized, students can pay greater attention

R

..

— Y
-

to content, form, and style. And with the satisfaction that comes from

©

producing clean, professional looking copy, students may be more motivated
%

- J
than ever Beforé To tackl®: the tagk, of composition.
ors as*‘assroom instructional c}evices.
Ay

Teachers can use word process
This is 51ready being done in some univefsic!zs. Using a large screen or
v

¢

projected image, teachers can work with a whole class to edit or review a

document, to diagram sentences, and so on.
21 -
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Microcomputers as General Purpose Tools. ‘Microcomputers can help

.

students produce not only text but adso music, line drawings, geometric
s .

shapes, anE animation, By composing computer graphics youngsters can

explore the basie co&¥epts of art such as color, balance, form, visual

©

flow. In fact, some of the most imaginative uses of computers have been in
4
, the creative arts. For example, comptters enable a single person playing a
piano keyboard to sound like a string quartet, a %oodwind ensemble, or gk

efitire orchestra,

Limited computer intelligence probably incurs the least annoyance when
- ¢

o’ : - the computer is used as a tool. For example, the word processing program
»
< used to prepare this report’ is not very advanced in comparison with many
° - ..

word processing programs now on the market. Yet it i5 so much better than

oW
- ’,
L]

a typewriter dhat we constantly marvel at and feel good about its help.

'.0.

abllity

& . .

‘e

We feel there 1s an important dist1n¢tion between the "computer as

teacher" and the "computer™as tool." ‘' We use tools to help us work toward

sOme goal. If w& are solving physics problems, a programmable calculator
a" ‘.'. "
7’; is a useful aid. g%f we .are engaged in a social science research project

.

with a complex statistical design, the computer is a godsend. We can sense

N [}

. . . the work saved and the intellectual potential provided. When the computer
3
~
. \ . . )
: is being used as an instructional device, we don't ,use it to achieve our

: . goals; rather we give it the lead and try to achieve the .goals it sets out
for us. 1In this case; its limited intelligence is apt to frustrate and
ahnoy us because of a "pretense" of intelligence and sensibility that

o’ .

] v
[

.
- + -
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cannot be sustained. When the’ computer has sent the same message of
. k]

.

congratulations to us for the umpteenth time for answering correctly, the
4 p g y

‘limitation of the device is apparéht:' , .

-

Thus, we feel, as do many others, that more.instruction should be
> : - ' ‘ . '
created involving the computer as a tool, at least until much more intelli-

-

gent'instructional programs are written. This is the approach Dr. Seymour

Papert (1980) has takén. He gives young childrén a special language (LOGO)

that, they can use to "teach" the computer to do interesting things of their
own choosing. Of course, to use the computer as a tool we must learn its

properties, just as we must learn the properties of any instrument we wish
- »

to use--a igthe, a camera, a microscope. This approach deserves serious

s

.consideration in elementary and secondary education since there is no doubt

e
- ’

that the fedple who~can successfully use the computer as a tool will play

-

an increasingly important role in society in the future.

Are there instances where computers should not be ysed as tools? For
example, will computer music lead to the eliminétion of conventional
musical instruments? So far, this seems unlikeiy. What seems to haﬁpen is
that new musical ideas are explored with computer ﬁechnology, and these
ideéas are then expressed using electronic technolggies, cSnQentional
instfuments, or a mixture of the two according to the aesthetic preferences
of the artist and the audience.

On the other hand, penmanship is likely to decline ik students begin
composing text on computers in the é;rly grades. Is this a-serious loss in
the education of our people, or does it repregent constructive evolution in

what is important to know? We lean toward the latter view.'iMosf people

toddy do not know how to can vegetables, spin wool, or milk a cow. This

lack ofrinéwledgé is not a serious deficit in a modern society where all of
7/

v

1]
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the commodities-ate available at-a local store. It would be serious if we
., - T . . “
. . were to be cast back into a more primitive form of existence. Similarly,

-

> -

writing with a handheld tool is a primitive art that may have no place in
=
the electronic society of tomorrow except as an artistic skill, as Bt

-

calligraphy is today. 1t would be foolish to eliminate penmanship from the

curriculum before the transition to a fully electronic society is completed.
At the same time, it seems equally foolish to atsach too muchfsignificanpe
to this skill. The continuing need‘for'penmanship should not cause us”to
suppress the use of computers in cqmposisidn.

Knowledge of the multiplication tables and the-long divféion algorithm.
may be--probably already hgswbeen-—eroded by the advent of the inexpensive,
hand-held calculator. Like many otﬁers, we are less confident that this
loss can. be ignored. These skills may be ipportant té the understanding of
higher level math skills. /We feel it is important that students should
learn to use basic computation skills routinely to estimate answers to
check either their own math,éi that perfsrmeikby a computer, f%tudents
should rely on their 'own computational ability to answer the question "Is
this answer reasonable?" when examining the answer to a pracgical or

scientific proplem. If students acquire the ability to estimate in their

heads routinely while obtainihg mifhematically precise answers with a ‘
. . . - 5 .
calculator, the use of calcula%gﬁf%would be appropriate. -

4

Instructional Aids .

Computers as Tutors. The small modern computer is very stupid com~.

pared to a teacher. However, in terms of its ability to analyze and react
‘to certain kinds of student work, it is tireless, infinitely patient, and
nonthréatening. It is excellent for drill and practice with immediate

feedback. "For example, computers can generate sequences of mathematics

1




problems according to parameters,get”by'the teacher or programmer. These
- Y . . : !

’ problems can be printed and gi@en’to students as homework o worked

on-line. The fotmer'arrangement isudeégrable if (a) class time is to be

4

s

conserved, or (b) there are not enough mach;neé to permit individual

- Y .
-

. . .
students to work at the terminal for extended periods. The computer can

also evaluate the students' work, indicatlng whlch answers are correct and
&
prov1ding additi 1 instruction, information, or direction where needed.

*

Computers can also analyze patterns of success and error in order to reveal
deeper misunderstandings. Appropriate assignments'by the teacher and
feedback by the computer can help correct such m@sunderstandings. Because

of time limitations, computers can often give much more detailed feedback

than teachers. - .
2

There are already a variety of programs available for teaching arith-

metic, spelling, geography and other basic S&Bjects. These have been ’

. ©ot
designed primarily for the home computing market rather than for formal

educational programs. . o

Addition of computers-as—tutors to the classroom environment can make

teacher-student interactions more fruitful by expanding the student's base

- -~

of experience and practice. Access to a computer may give students a wider

-

- range of experience in a subjfct.than was ﬁreviously possible.

John Seely Brown, Alan Collins, and G. Harris (1978) and others are

-

working to deyvelop sophisticated tutoring programs. Sophisticated tutors

have (a) knowledge of the subject to be taught, (b) a model of the indi-
vidual.student's lea;niﬁg modality, and (c)~aﬁ aﬁility to react intelli-

A

gently to a wide range of student inltiativeﬁ

-

Brown's "buggy program (Brown & Burton, 1975; Brown, Burton, &

Hausmann, 1976) illust;ates both the:potentiai and the
. - .

g




difficulty of th1s approach Brown' and‘others, particularly Robepg

4 .

BenJamfn Davis (1982), suggest that young studentS'do nOt always ‘make

random errors in s1mple addition and Subtractlon. Rather studenbs often
»
[ 4 / ~

seem td make systematic errors, as if the arithmet;c ptog{ams 1n their

>
. 4 ny

braihs have defects, or bugs, ‘in them. _BroWn's group charted all or most
u . . w A;:‘;’ h ¢ - co. <
of the possible errors that\could-he made in simple additiéﬁ problems{

Once this was donqp the group programmed a comz=§er to analyze students

.
-

errors and 1dentify ones that are made systematically, the bugs assoc;ated
$ . y.

with each student. Such an analygis could help a teacher and eventually a,

computer program to tutor the student to eliminate sources of systematic

error. - o v

v - ) i -

Until recently, teachers rarely . noticed children making systematic

.
N .-

math errors. The computer was importart in. d tecting such errors and is

virtually essential for any full—scale analys s of them. If an effective

s

1 . \
diagnostic computer program is praduced, it Could conceivably help every

student in the country at very little cost pet student. v:

The complexity of many human thought processes suggests that it w1ll > zﬁgﬁ
be’'a very long arduous task to develop intelligent tutorial programs. More -

~ b
-

powerful, more apprOprlate languages, and -more complex programs w1ll be.

needed f n . o
Computer Géhes. 'Manx cofbuter- games anq\simulations‘have branching
' \, ’ ‘. >~" I )
operations‘embedded dn them. For example, in the game AdVenture, the

’ v .

player often has. a choice.of actions such«as throw a knife at the dragog,

L4 ~

go east, climb tree, logk around. A different consequence-results from

‘each choice. The essential contributions of the computer are to serve (a)

-

- as an opponent whose skill is matched to that of the learnery (b) as a game

4 <
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'~ ésted in this suBject.

9

~ A

' Computer ‘games can be hore complex'than board games. In general, the

“

. »

manager that keeps track of the details of the game, and (c) as a library
. - ‘ Cos

s

of évailable;games. ( .
<. T ) s ¥

L

.:Each of the'games is what has been called a microworld--a small arena

in which a special set gf rules apply. Almost any game is like this.

-

O : : .
larger and ‘more clever the program, the more interesting and challenging

.the game. There are several different programs designed to play chess with

- . .

' a-human player; these are probably the most sophisticated éxamples of

-

P

compdter intelligence in games so far cfeated.

Theoretical}y,”instruétional games can be devised that both teach and
have ;hé motivational properties of games. An impdrtaﬁtﬁreport on’this,
- M 1 - . -

"What Makes .Thipgs Fun'tq Learn?, A Study of Intrinsically Motivatiﬁg

Computér Games; }py Thomas W. Malone (1980) should be read by anydnelinter~

. A ,
In odr‘view:\cbmputer games have not yet made a significant contribu-

] .
v

: \ - . .
tion to formal dnstruction. It may be that the capabilities of the computer

r

-

and the~quality of programming have not yet reached the level needed for
l§ ¢ . N .

+

that contrjbution, or there may be other problems involved in trying to

comBiné games and instruction. We should not give up, however. The idea

- . .

of a simulated world in which learning éhjoys the same level of motivation

and challenge as that assoqiated with games, at least for some people, is

-

. -
woxrth pursuing.

~

Coﬁputers as Instructors. As noted previously, instructional programs.

can be presented via computer. Such (instructiondl packages are commonly

P +

used b§ the Bank of Amefic?, 1BM, DigitéL Electronics qupor%tioh,«General

Electfic, and other larggfcorporatioﬁs»fpr,tfaining new staff and for .

.
[ .

. - . ‘ . . .
imparting new skills to existing staff. These programg typically are
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highlylbranched_and permit a lot of learner control. For example;'the
learner may request additional examples to illustrate a particular concept,
may ask for'an explanation of the meaning‘of a word, or may choose to skip

" a section s/he knows fairly well. The computer frequently presents prob-

rr

lems and questions to the,learner to mdnitor the learning process‘ Depend-

ing'upon the student's responses, the computer may branch to simpler, more '

«~

detailed explanations or to higher leVEE materials.

Videodiscs ta Extend Experience

One goal of education is to extend both language and experience so

that we have (a) words to help us capture the important’ aspects of experi-

L

ence and (b)'the experiences that will help give meaning to the concepts
“ [ -l -
presented. ' Another goal of education is to have the procedural

‘ (psychomotor and intellectudl) skills to carry out our plans, our inten- -

, tions. To achieve these goals learners musg§, like scientists, repeatedly

go back and forth between language and experience--checking the accuracy of

their perceptions against thef% verbal and symbolic constructions of those

l

-perceptions. As noted earbier Kelly (1955) ‘and White-(1959) propose that
each df us constantiy builds a model of the world and constantly checks

that model against reality. To do this.we need both language and experi-

-

ence, and we need to be aware that each of these systems (verbal ahd
t ' “ , .
perceptual) has distortions, gaps, errors, and flaws. The videodisc can .,

.facilitate this process immeasurably. It gives us the opportunity to

incorporate visually rich illustrations into our instructlonal process on a

: regular basis.,

A}
.

' > '\ . ' N o A .
Until now,,teachers have generally had to chdqse between media:

N .

"+ is}, shall they buy a new book (words) or a new movie (images)? With

:videodisc, educators are no ‘longer foszbd into an %ither/or choicel
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S ' - , -

verbal*and diagrammitic explanation of cell division, for example, can be

enriched with a two or three minute time-lapse film of cells dividing:

- Images of actual processes will enable students to reﬁenber them much more

vividly than the vague, abstract words we use to describe processes, espe~

cially when thqse_wordseare unconnected to relevant experience. \\ .
Using images to provide visual experiences is probably not of great

educational interest until the student is asked to describe the events{

answer questions pgbout them, predict what would happen if:conditions were

modified, etc. It is what we ask the ‘student to do tFat transforms informa~-

tion into an educational experience. One way to get students to use their
knowledge in an interesting and useful way is to ask them to participate in

simulations that incorporate important relationships. .

/ Simulations. One of the most promising uses of the computer-con- -

trolled videodisc is the simulation of complex systems that require a

‘combinatlon of knowledge and skill. For example, a computer simulation of
¢ . AT
2 nuclear reactor cilled "Three Mile Island" has received excellent re-

. .
.

" " views. The University of Utaﬁ Physics Department is nsing a computer plus
qﬁ; videodisc to provide a realistic simulation of the operation of an oscillo-

scope. WICAT Systems is producing videodisc programs to simulate the

4

i

process of diagnosing medicai conditions. Simulations-are also used for

e

[
)

training astronauts and pilots.

In general, whefiever realistic images can impfove instructional .

r~ / & - >
‘quality, a videodisc can provide those images. For example, in medical

.

-

-~ ‘ N
situations, the doctor must interpret the appearance of tissue, X-rays, a

Pal

patiént's expression .when answering a question, and so on. In. such chses
. L

) . ' 3 . -
' Lo

textbooks ox cqmpnters alone are mot able to provide the images needed.

“ -

' The "intelligent" videodisc is a marked improvement.

+ - -

v




- <

Expandable Text. Images are not essential to a student who has rich

\epperience in the domain being studied. S/He-can use his/her own memory to

A

give meaning to words and can often accept verbal instructions dhat are

very brief and succinct. 1In éroup instruction it may be desirable<to

-~
-

provide swift, succinct instruction for those who can use, it and offer more

verbal explanations and/or visual experience for those who need or want it.

.
. Fa

The videodisc can provide such an "expandable text." Command keys -

permit ?be student to move up and down through several levels of informa- b

. -~

%

- tion in both the ;Zrbal and image dimensions. For example, the student ’

~

could ask for definitions of certatn concepts in cell division, or for a

v v
- more detailed explanatien of the process. Alternatively, -the student may

request another view of the'process of cell ‘division, perhaps specifying

animal or plant cells. ' Often the photograplis of a biological event are
' . - o #
difficult to interpret because the objects of interest do not stand out

~

(e.g., vesicles near a membrane). In such Eases, the student eould call
for computer animation with line drawings, or the superimposition of line

drawings on top of color or halftone photog;aphs to isolate and highlight

b4 -

structures.
If the student wanted multiple examples to form a concept, s/he could

keep asking for examples and problems until the concept was firmly fixed
I - .

.

in mind. Similarly, if the quchbr or teacher felt that multiple examples

were important, a series of them could be presented to the student and the

student asked to interpret each one. - -

Note the awkwardness that arises when we try to distinguish |

.
y e

between words per se and the.objects, expériences,, and processes that words

. .

~ represent. We feel that confusicn betwéen symbols and. the things the

v ‘ '

symbols represent is the;source of fany difficulties in out teaching .

B ¥

]
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practiceé and in the minds of children. Nevertheless, for 'this discussion,

the diéiinction is important, and we hope we have succeeded in making that

distinction.

AccGess 'to Resources and Referemce Materials

¢

Large computers can search information files and bring to the screen

-~

'any information that is stored--and almost any kind of information can be

stored: verbai, aural, visual, and g;en three dimensional._ Smaller
computers can perférm similarfunctions but with smaller files,

Economics of Intelligent Videodiscs. The two sides of an intelligent

videodisc can hold 108,000 individual frames or pictures. Each frame can

~

be Héld on thé‘television scréen as long as one likes. Thus one can think
of the videodisc as a book with 108,000 pages. However, because of the
e - ’ ]

poor resolution of the television scréen, eacﬂ video page cannot hold as
many words as a ﬁorma}.ﬁrinted'page.

The following examp;es may convey the tremendous storage capacity of
the videolisc. A book of 1000 pages is a very large booK. Imagine a’
library of 100 pigturé books each containing 1000 pictures of sgqg.subject.
How much would one expect to pay for a picture book with 100Qpages of
pictures? At ten ce;ts per page, the price per book would be S}OO. Tgis‘
means that the'pictures frém a single videodisc, if in book form, might
cost §10,Q00! Yet a programméd videodisc can gell for $50. .

Now let's look at the capacity of the vidézdisc to @tofe words-inot
itsﬂg;ronggst ?oint because words alone fail to capitaliz$ on tbe'potengi?l
of the technolqu. Imagine that each frame o% a videodisc contaiﬁs just

Al Al

ten words. . An entire videodigc could then contain over one million words.
. . ' 9

2 M vy

" This would be eqpivglént to hbﬁut 2,700 pageé‘of teit‘hqving 400 words per

: e

Fe

w?




‘printed page. If one estimates that each page of printed text‘costs 5
cents, the book would be worth $135. ’ X

Actually, a videodisc frame_ can easily contain 5Q words. A videodisc

with this density of verbal information (50 rather than 10 words per frame).

. .
-~ - -

would be equivalent—fogpriﬁted material costing'$675 (assuming the same

algorithm as above) ince ag "expensive" videodisc so far costs no more’

v

than $50, and most videodiscs cbst $§15 to $25, the videodisc ¢learly con-

tains a tremendous amount of information at low cost. The capacity of .the
' |
videodisc is 'shown to best advantage with combihations of words and moving~

.

and still pictures. Even as a library of words alone, the videodisc is

N

But what about the cost of the equipment? A computer—controlled -

economically competitive,

’

videodisc player will probably costgabout $2,000 in the foreseeable future.
Thus, the capital cost 'is not negligible. Let us assume that a videodisc

player could be used for’ten hours a day for five years, and that it may
’ ) 7

cost $2,000 to maintain and service the computér—controlled'player over
that five-year period. Also assume that it will be used about 250 days of

the year. This W°!1]£ give a total usage (10 x 250 x 5) of 12,500 hours at
i .

a total’cost pf $4,000, or about 30 cents per hour. If a student can read

30 pages an hoyr, the cost per page is about 1 cent.

Trends in information storage suggest that descendants of the video-

disc will provide us with libraries, about 40, 000 volumes, on portable

computers the size of a notebopk. Tne economic savings represented by

this, compared/to the cost of a 40,000 volume library of print material, is

¥ o
quite impressive. Every classroom will be able to store dictionarles, )

. 1 N :

encyclopedias and\other‘common reference'materlals on a disc, and each

school will be able to afford a substantial central library. Not only will




30 - .

th;y'be more accessible, but dictionaries dnd encyclopedias can become much

‘ more informative in videodisc form than they are in their current printed

.

’ versions. Students will ot just read about Niagra Falls or the White

- éangaroo-of Australia-~they will look at them as well.

- -

! Modes of Access. Direct access to stored information represents the

]

- simplest™ise of the computer. Computers are able to store large volumes of

~ i
material and retrieve them on command. In the classroom, the computer may -

*

d also make suggestions. For example, if a student asks for information
about Brazil, the computer might ask, "After you look at the materiai about

Brazil, would you like to see some information about neighboring countries

§

such as Argentina?" 1In this way the computer may stimulate the student to .

. broaden his/her interests. ) ’ -
© .

Computer-based resourde materials could make use of branched menus
) , .

where materials are arranged in an outline form. Initially,_the student
I

may select the topic "Brazil," then 1ook for the subheading "food " -then

-~ e N

. ' look for the next subheading "regional,” and so on. ’

~ . ‘

If the -student wishes to browse,_the computer’ could randomly select

e

&
~

material from its memory files and display titles and/or brief descriptions

on the_screen. The screen might ask, "Would you like to read more about

) this, would you like to'see more titles, or would you.like to go on with

your work?" This is somewhat analogous to browsing in a library when you

have no particular purpose in mind.. The student is simply 1o$f{ng for
something interesting. \ ' ' ' C l

As a student works with the computer, the computer may "gradually build

re ‘

up a profile of his/her interests. ‘This prdfile could thed be used to

modify the‘probability of a givep kind of browsing material being brought

to the student 8 attention.

“

-~ 5
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lnformation, Resources, and Curriculum. Tne curriculum iy inflEenced

- -

by the cost of information. As mentioned previously, the observable fact

is. that the formal curriculum of the schools is heavily weighted toward

verbal, s&mboiic learning., It is also oriented toward declarative knowl-

edge as opposed to proce&ural knowledge. The procedures that are taught

are largely thosé involving the manipulation of words, symbols, and line -

drawings. Often students are required to manipulate words and symbols when

“they have little or no basis in experience to give those words and symbols

’
« -

and symbolic operations (e.g., math) meaning.

»
[

Words and symbols are ﬂiw in information content, although they have

. the power to evoke rich representations or memories when we have relevant

-

experiences’ to be triggered. A page of print can be represented in a .-

computer by about 15,000_bits. (A bit is the smallest element of computer
code--similar to a dot or dash in Morse code.) On thé other hand, a single

picture on a television screen requires about 333,000 bits! Thus, a

o

picture includes about 20 times more information than a printed page. A

-

half hour of television requires 54,000 individual pictures or about 20,000

mllliOH bits of information, while a moderate gized novel can be encoded by
vabout 10 million bits. . o

We observe that object- and image-rich learning environments tend to -
©

be allogcated to professions that have the highest value in our society

(e.g., the fine arts, medicine, scienoe, engineering, computing) and

,certain jmportant vocational areas such as.piloting.an airplane. Even
. )

here, the most intensive.use of equipment and objects~-because they are

¢ ' .
expensive~-tends to be reserved for the "survivors” of the school system

and provided just before the individuals actually go to work--i, e., when

“

the apprentice is about to give society a return for its investment.

-
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Perhaps it is true ghat this pattern of emphasizing words and symbols

in early education is optimal. But the observable facts argue against this

e

conclusion. For example, the children of affluent parents grow up in

environments that are rich in toys, objects, equipment, images, travel, and

L) ;
so on. The schools, also relatively enriched, then pr?vide the words,

symbols,\;nd intellectual skills to help these children organize and think

:about their rich base of experience. (The affluent child also ééts a boost

of a rich supply of words at home.), Society has come to the conclusion
that children of affluent families are édvantaged while chilgren of non-
affluent families are disadvantaged.

é{ The fact of the matter is that three-dimensional models, machine

shops, audio~visual equ;fggnt, materials, and field trips are expensive.

The schools are driven to emphasize words and symbols because they cannot

hd - ..

afford anything else. Only a small fraction of the school budget is

available for anyﬁhing eXxcept salaries and most of that is expended on

’
’

textbooks. .

Reading, writing, and arithmetic are essential components of education

¥ . -

in modern society. But surely we would like our children to learn about

science, music, environmental design, and many other

subjects involving complex procedural skills. If our premise is correct,

the ‘only reason such skills are not woven into the curriculum is because of

. . 1

the cost of the materials and equipmenﬁ:' Learning of abstract, symbolic

‘ knovledge'would be likewise enhanced by a better balance between images and

symbols. It also suffers because 'of the cost of the images.
‘The combination of the computer and the videodisc will enable us to

introduce procedural learning and graphic images into the, schools econom~

ically. 1If we are correct, excellent materials will be produced for the




"intelligent" videodisc, and procedural knowledge and’ illustrations will

gradually become part of the formal curriculum. We will be able, for the
- first time, to search for the optimal balance betwgen procedural skill and

declarative knowledge, between observations of actual events and symbolic

representations of Ehem.

-
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aa , Status and Pot'ential3 . R )

;

i Technological Limitations .

‘ In the ‘previous sections we've outlined many advantages provided

-

. by the computer and videodisc. Here we consider somé of the difficulties.

Computersy today, are not very intelligent. As Christopher Evans said in

The Micro Millenium (1979), the intelligence of present day computers may

¥

be compared to that of an.earwig. He also suggests that computer

‘

intelligence is evolving rapidly and may soon, say by 1990-2010, exceed o

human intelligence along many dimensions.

-

At present, however, memories are limited. .This means that programs
are necessarily limited in Size and the data base that a computer can use-

to interpret a student's action is limited in scope. The memories of most
% - ’ .

computers a;én't even comparable with those of infants. ' .
Computers also have limited graphic and image capability because of
the vast amount of digital memory it takes to store pictures. - The

videodisc is a partial solution to this problem, as. it does Srovide
«

Jrealistic representations; but the videodisc does nat permit the

“

flexibility of image manipulation, as in enlarging and reducing diagrams.

* .

. . The creation‘of computer languages is.a’relapively new skill, one that .

-
A

g ) is still 'in its inﬁancy. Perhépg as a result, goog (intelligent) programs

L segh, to these obéérvers, to_g;ow very slowly.‘Educaéian has ﬁo; yet. . . R

' attracted much attention from computer mgnufahturers and devélopers. Most
programming Calenf has been dévoté4 to military, industrial, and commercial -
development--not the development of programs for edﬁcation. As a resulE,

gducational computer programs are being developed more s;ﬁg}y than is

35
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 subjects qs‘earl§‘reading instruction because they are being developed to

-« " . blackboard for the teacher (see recommendations below) and (b) as a T

.help us move from here to there., . ) , ‘e
. < " L ' '
Talent, Investment Costs, and Research . T '

36 , o

necessary or desirable. Education, as is usually the case, must try to

make use of programé)that have been developed for other purposes. For

.

gxample, wordrprocessiné and speech synthesis programs are avai;éble to
education because they were developed for commercial appiicatioﬁg.

Similarly, voice recognition programs will eventually be available for such
! [

i}

replace typists who transcribe dictatiom tapes. . .

.

Technology and Organizational Structure

Every large, long-lasting enterprise has an organizational structure

that reflects and supports its dominant technology. The organizational

structure of a successful enterprise helps people to be productive with the
dominant technology. Successful organiéational structures tend to be

stdble. They resist change even when change is crucial to their abiiity to

o

survive. The organizational structure of the schools helps people ‘to be .

productive with classrooms, blackboards, texthooks, and homework .

éssignments. It is not appropriate for the large scale use of computers
and videodiscs. Conversely, one of the least disturbing ways to introduce .

the computer into today's schools'is as (a) a kind of powerful electronic

homework tool for the students.

’

1f we want to use computers extensively, we will be required to think

through a new organizational structure that is centered Qh helping teachers ) '
- ' ' .
to be productive with the computer, and transitional structures that can a

® .
] sy 8 - . * LN

“To capitalize on‘the computer and videodisc in educa'tion, we need more

agﬁibetter talent authoring technologically based instructional materials,

"




»
-

better programmirg and programming langiages for educational as opposed to
commercial purposes, and more research on learning in a technological

environment. Very limited jinvestments are being made in these areas. As

-

we move into the electronic age, we seem to be losing confiidence in our
ability to~improve education to produce people who are knowledgeable., We .
have a multitrillion dollar economy and a 150-billion dollar educational |,

system. Yet we are unwilling to invest in the training of talent, the

development, and the research that could help us prepare society for the
acceleraring pace of change.v
The problem of producing peopie who can design and write effeerive

instructional materials for the new educational technologies is unsolved.

Deen knowledge of a subject,~know1edge of the learning nrocess,iand'
artistic and practical skills are needed to ereate written, vrsual, and
audible'narerialst Very‘few individuals have all these ski;ls,ﬂand‘we have
no programs'either to train such peoplekor to_support them after they have
been trained. When we’assemble teams of people in.order to obtain the-
requisite combination of skills, they tend to be unwieldy and expensive.

This issue needs serious national attention. i

.

It is difficult to identify. important elements of events in familiar

" ° contexts. .Studies in unusual settings (e.g., observing South Sea

'Isianders) can help elucidate the critical elemerts. Efforts to develop a

theory of learning and developmental projects gn computer-based education

could be of gredt mutual benefit in this regard. 'The theories could guide

’

develbpments, and the results of development projects could provide

opportunitles for testing theories. Very little work of ‘this kind is

taklng place in our educational research hters of anywhere else.
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g

Licklide; €¢1980) has estimated that edpcatioﬁ'néeds an R & D budget of

®
b3 ‘

\

,;’*1

7

, - are deprived of adequate access to them. -

N

$1 billion a year to make effe%tive use of the new technoloéies. Without
. respurces of this order our computer-based materials will a}wa&? be ‘a pale

shadow 'of what they qould be and what is needed. Although the figure oﬁ $f

\
. N ; . .
billign seems ex&;emely large, remember that it is less than oneweércent of

our yearly expena;ture on: education and a tiny fraction of our gross

. . . . o ..

national product. Furthermore, the future ‘of our economy depends on
producéivity, and productivity depends in many complex ways on the gualiiy

—

| of education. Society is an inverted.pyramid with the ﬁarge base of the

N

economy resting on the much smaller educational system, and the ‘educational |

system resting ‘on a tiny vertex of knowledge and development effort. And

~

i t L Epet :
the base is crumbling out from_under us”Becﬁﬁée of the inadequate .

Fl -

_”igvesfment in k & D. . . . ,

3 < e -
New computer developments will become ayailéble because they have

~ large commercial implications. Becayse of our inadequafe educational
. 4 ! . N

’

system, the Japanese will gradually move fnto aldominant economic”

position-—ﬁhrticuiarly in the field of compute;‘and robot construction and

. related electronic.and production fields. When new devélopments;-small

\ L r >

‘Rortabie and powerful computers, optical character reaéers, voice

. recognition, the digital videodisc-~become inexpensive the schools wil}.

' attemﬁt to make use of them. Schools will lag behind because of inadequéte

_investment in research and development and an organizational®structure that
- 1 . . [} thl ‘

\ - 4 .

is inappropriate for the new technologies.' In the meantime, the affluent

will increasingly. make use of coméuters while the large mass of studqpté ‘

~

»

oy

)




va

Footnotes -
1Collins and Stevens (1980) do not use the term "runnable models," but

their- report coiitains an up-to-date version of Collins’ ideas.

v

-

Quotation remembered from a Quarterly Report of the PSSC curriculum

development project during the 1960s:

-

A very recent paper by Henry Jay Be6ker (1982) addresses this theme.
(R

LY

b

3
v




References « 7 }

Becker, H. J. Microcomputers in the classroom~-dreams and realities

(Report Nox 319). Baltimore, Md.: Center for Social Organization
> of Schools, The johns Hopkins ﬁhiversity, 1982. (Available from
3505 North Charles Street, Baltimore, Md. 21218.)

Brown, J. S., & Burton, R. R. Diagnostic models for procedural bugs in

basic mathematical skills. Cognitive Science, 1978, 2, 155-192.-
\ P

Brown, J. S., Burton, R.OR., & Hausmann, C. Representing and using

Erocedural bugs for educational purposes (Research Report, Contract

MDA903 76~ C-0108, 1976) Proceedings .of the National Assoc1a-f

»

tion for Computing Machinery, 1977.

Brown, J. S., Collins, A., & Harris, G. Artificial intelligence and

[}
learning strategies. In Harry O'Neil (Ed.), Learning Strategies.
. - A
New Ygrk: Academic Press, 1978. ¢ ) -

Collims, A., & Stevens, A. L. Goals and strategies of. interactive

teachers (Report No. 4345) . Cambr&dge, Mass.: Belt,-Beranak and

_Newman,'ipc., 1980. ’
~ »
‘Davis, R. B. 'The postulation of certain specific, expliclt, commonly—

ghared frames, - The Journal of Mathematical Behavior, 1982, 3(1),

?a

167-201. : . Lo

Evans, C. The micro millenium. New York: Washington Square Press,

!

1979. j

Kelly, G."The>ps§cholegy of personal constructs. New York: Norton, °*

/1955, - .

.

Lickl{der, J. € R. Social and economic impacts of information tech-

L)

oI0ky ‘on education (Information Technology in Education, Joint

~

i a - » ’ /

R T




Pl
. .

-K D i » ) s

’

Hearings.ﬁefore the Subcommittee of ey .Research, and Tech- _
v L ., .
nology, 96th éongress, No. 134, April 2, 3,}1980). Waﬁhingéan,

D.C.: U.S. Government Printing Office, 1980..

L

Malone, T. W. What makes things fun to learn? A study of intrinsically

motiv&ting com;uter games (Cognitive and Instructional Sciences
Series, CIS-7, SSL-80-11). Palo Alto, Calif.: Xerox Palo Alto
Reseaféh Ceﬁter, 1980. (Available from 3333 Co&ote Pill Road, Palo A
Alto, Calif. 94304.) . A

Newell, A., S§ﬁ§osium on models of learning and their impiicationé for

science education. Presentation at annual meeting of the AASA,

Washington, D.C., February, 1978.

Papert, S" Mindstorms: Children, computers, mand powerful ideas. New

York: Basic Books, 1980. . ,
White, R. Motivation reconsidered: The concept of competence. Psycho-

logical Review, 1959; 66, 297-333.

v
A v




